Aims: To retrospectively investigate the prevalence and characteristics of treatment-resistant hypertension (R-HT) among consecutive hypertensive outpatients, since patients with R-HT are candidates for catheter-based renal sympathetic denervation (RD). Methods: Consecutive hypertensive outpatients (n = 999) were recruited in our hospital. R-HT patients who were candidates for RD had clinic systolic blood pressure > 160 mmHg despite taking three or more antihypertensive drugs including at least one diuretics at higher than standard doses. Results: Our survey indicated that only 26 patients (2.6%) were potential candidates for renal denervation. Candidates for RD showed a significantly higher age (P < 0.005), brain natriuretic peptide level (P = 0.0001), urinary albumin/creatinine excretion ratio in spot urine (P < 0.005), pulse wave velocity (P < 0.01), left ventricular end-diastolic diameter (P < 0.005), and interventricular septal thickness (P < 0.005) than the other 973 patients. Candidates for denervation had a significantly lower hemoglobin (P = 0.0001), serum albumin (P < 0.001), eGFR (P < 0.0005), plasma renin activity (P = 0.0001), and plasma aldosterone level (P < 0.005) than other patients, while their urinary sodium/creatinine ratio was higher, indicating that patients with R-HT appeared to have a high salt intake. Conclusion: Our retrospective clinical survey indicated that only 0.5% of Japanese hypertensive outpatients (5/999 patients) were candidates for RD. Therefore, establishment of hypertension cohort network will be essential to recruit R-HT patients for RD.
Introduction
Development of better antihypertensive drugs during the last 40 years has led to marked improvement of outcomes and there is a trend for the mean blood pressure (BP) to decrease in Japan and worldwide. However, the prevalence of hypertension is still increasing in developed countries as the population is aging rapidly. Hypertension remains the single most important lifestyle-related disease, and it is estimated that there are approximately 43 million persons with HT in Japan [1] . Including people with high normal blood pressure, the so-called spare group of HT, the total number could be more than 60 million. Therefore, management of hypertension is essential for preventing cardiovascular disease both in people with hypertension and those with high normal blood pressure, as has been demonstrated by many clinical studies of antihypertensive drugs.
It is sometimes very difficult to manage hypertension, which is known as treatment-resistant hypertension (R-HT), and there may be poor control of both ambulatory and home BP despite using 5 or 6 antihypertensive drugs. Several studies performed in Australia and Europe have demonstrated that catheter-based renal sympathetic denervation (renal denervation) is effective for R-HT [2] - [4] , and this treatment will be investigated in Japan in near future. However, the blinded Symplicity HTN-3 trial did not show a significant decrease of BP after renal denervation compared with the sham control [5] , and this result has led to controversy [6] .
R-HT is often secondary hypertension, and it is important to screen for underlying causes. If it is not secondary hypertension, it is classified as R-HT of unknown etiology, but the prevalence and characteristics of such hypertension have not been determined in Japanese patients. Also, the characteristics of R-HT patients who are indicated for renal denervation have not been clarified. If this were done, it would be easier to identify patients who could benefit from renal denervation and would allow assessment of the need for this procedure in Japan. Therefore, the present study was performed to determine the characteristics of R-TH patients in Japan and the proportion of such patients who are candidates for renal denervation.
Methods

Study Population
Consecutive outpatients with hypertension (n = 999) attending Fukuoka University Chikushi Hospital (Fukuoka, Japan) from April 2006 to March 2013 were recruited for analysis. Office BP was measured by a standard sphygmomanometer in the sitting position after several minutes sedation and routine physical examination was performed. Patients with a total cholesterol level >220 mg/dL (5.69 mmol/L) or triglycerides >150 mg/dL (3.88 mmol/L) or taking lipid-lowering agents were considered to have dyslipidemia. Patients who were being treated for diabetes mellitus or who had symptoms of diabetes and a fasting glucose level >126 mg/dl (7.0 mmol/L) were considered to have diabetes. Otherwise, the results of a 75 g oral glucose tolerance test were used to diagnose diabetes. Coronary heart disease (CHD) was diagnosed by coronary angiography at the time of enrollment. Patients who were smoking at enrollment were defined as smokers.
Exclusion criteria were stroke, myocardial infarction, other serious cardiovascular complications requiring hospitalization within the previous 6 months, dialysis, acute renal failure, pregnancy and other reasons which made the patient inappropriate for the study in the judgment of the attending physician.
The protocol for this cross-sectional observational study to determine the clinical profile of Japanese R-HT patients was approved by the institutional review board of Fukuoka University Chikushi hospital, and written informed consent was given by all patients before data sampling.
Definition of Treatment-Resistant Hypertension
R-HT
The guidelines of the European Society of Cardiology and the American Herat Association define R-HT as systolic BP (SBP) ≥ 140/90 mmHg despite lifestyle modification and treatment with 3 or more oral antihypertensive drugs, including a diuretic and 2 or more other antihypertensive drugs at standard or higher doses [7] [8] . In this study, we defined R-HT as an SBP ≥ 140 mmHg despite treatment with 3 oral antihypertensive drugs.
R-HT Candidates for Renal Denervation
In the Symplicity HTN-2 study, R-HT patients indicated for renal denervation were defined by a baseline SBP ≥ 160 mmHg despite treatment with 3 antihypertensive drugs including a diuretic or SBP ≥ 150 mmHg in patients with type 2 diabetes [4] .
In the present study, we defined R-HT patients who were candidates for renal denervation as having a baseline SBP ≥ 160 mmHg despite treatment with 3 or more oral antihypertensive drugs including 1 diuretic.
For standard antihypertensive therapy, it is recommended that diuretics should be used in combination with calcium channel blockers (CCB) or renin-angiotensin system inhibitors (RAS-I) such as angiotensin II receptor blockers (ARB) and angiotensin-converting enzyme inhibitors (ACE-I) (Guidelines for Management of Hypertension 2014). According to the results of the ASCOT study and the LIFE study, RAS-I including ARB and ACE-I, CCB, and thiazide diuretics are the commonly used antihypertensive agents [1] [2] . In the present study, the definition of R-HT also required patients to be taking at least 3 classes of antihypertensive drugs (RAS-I, CCB, and diuretics). Because the combination of ARB and ACE-I is not strongly recommended based on the results of the ONTARGET study, combination therapy with drugs from these 2 classes was counted as 1 antihypertensive agent [3] .
Laboratory Tests
In addition to the routine laboratory tests, we measured brain natriuretic peptide (BNP). The estimated glomerular filtration rate (eGFR) was calculated using the formula for Japanese patients [4] . To exclude secondary hypertension, a blood sample for endocrine tests was collected from the cubital vein after each patient had rested in the supine position for 30 minutes in the hospital. Various endocrine parameters were measured, including the plasma renin activity (PRA), plasma aldosterone concentration (PAC), plasma adrenaline, plasma noradrenalin, plasma dopamine, serum cortisol, serum thyroid stimulating hormone, and serum free thyroxine. As urine parameters, spot urinary albumin (U-alb), spot urinary sodium (U-Na), spot urinary uric acid, and spot urinary creatinine (U-cre) were determined.
Brachial-Ankle Pulse Wave Velocity
The brachial-ankle pulse wave velocity (baPWV) was measured by using a PWV/ABI apparatus (Omron Colin Co., Ltd.).
Transthoracic Echocardiography
An experienced sonographer obtained all echocardiography data, which was interpreted by an experienced staff echocardiographer. The examinations included M-mode, 2-dimensional, conventional Doppler, and color Doppler echocardiography, with the parameters assessed being the left ventricular end-diastolic diameter (LVDd), interventricular septal thickness (IVST), and ejection fraction (EF).
Statistical Analysis
As items and values to compare , we used gender, smoking history, age, body mass index, white blood cells, hemoglobin (Hb), platelet count, albumin, γ-GTP, hemoglobin A1c (HbA1c), eGFR, uric acid, high-density lipoprotein, low-density lipoprotein, triglycerides, non-esterified fatty acids, C-reactive protein, BNP, baPWV, LVDd, IVST, EF, urinary examination and endocrine parameters.
Statistical analysis was performed using the SAS software package (version 6.12, SAS Institute Inc., Cary, NC, USA). Results are reported as the mean ± standard deviation (SD).
Categorical and continuous variables were compared between the groups by chi-square analysis and analysis of variance, respectively, and P < 0.05 was considered significant. Univariate analysis and multivariate analysis (logistic regression) were performed to identify independent factors for R-HT.
Results
We screened 999 outpatients with hypertension and found 65 patients (6.5%) who had R-HT. Among them, 26 patients (2.6%) fitted the criteria to be candidates for renal denervation ( Table 1) . These 26 patients included 12 men and 14 women with a mean age of 74.5 years, SBP of 170.8 mmHg, diastolic BP (DBP) of 77.9 mmHg, and pulse rate of 70.8/minute. Twenty-five patients were being treated with ARB, 5 with ACE-I, and 4 with ARB plus ACE-I ( Table 2 ). All patients were taking CCB, including 3 taking 2 or 3 CCB. All were taking diuretics, including 5 patients using spironolactone. In addition, 8 patients were taking beta-blockers or alphablockers. Eight patients had chronic kidney disease with an eGFR < 45 ml/min/1.73 m 2 , accounting for 31% of the candidates for renal denervation.
The 65 patients with R-HT were divided into 2 groups, a renal denervation group (26 candidates for denervation) and a non-denervation group (the other 973 patients who were not candidates), for comparison by univariate Table 1 .
analysis ( Table 3 ). The age, BNP, U-alb/U-cre ratio, baPWV, LVDd, and IVST were significantly higher/larger in the renal denervation group compared with the non-denervation group, while the levels of Hb, serum albumin, eGFR, PRA, PAC, and thyroxine were significantly lower. The U-Na/U-cre ratio tended to be higher in the renal denervation group. Complete data on HbA1c, eGFR, and BNP were not available for some patients, and they were excluded from the relevant univariate analyses. In addition, we investigated independent factors related to patients being indicated for renal denervation by multivariate analysis, but we could not identify any significant factors. (mmol/L)/(mg/dL); BMI, body mass index; WBC, White blood cells; Hb, hemoglobin; Plt, platelet count; alb, albumin; UA, uric acid; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; NEFA, non-esterified fatty acids; CRP, C-reactive protein; BNP, brain natriuretic peptide; baPWV, brachial-ankle pulse wave velocity; LVDd, left ventricular end-diastolic diameter; IVST, interventricular septal thickness; EF, ejection fraction; U, urinary; cre, creatinine; Na, sodium; PRA, plasma renin activity; PAC, plasma aldosterone concentration; TSH, thyroid stimulating hormone; FT4, free thyroxine; For other abbreviations, see Table 1 .
Discussion
The major findings of the present study were as follows: 1) Among 999 outpatients with hypertension, 6.5% (n = 65) had R-HT and 2.6% (n =2 6) were candidates for renal sympathetic denervation (renal denervation group).
2) Compared with the 973 patients who were not indicated for denervation (non-denervation group), the renal denervation group was older, had a higher BNP, U-alb/U-cre ratio, U-Na/U-cre ratio, and baPWV, and had a higher LVDd and greater IVST on echocardiography. In addition, the renal denervation group had lower levels of Hb, albumin, eGFR, PRA, PAC, and thyroxine compared with the non-denervation group.
Characteristics of the Renal Denervation Group
According to the National Health and Nutrition Examination Survey conducted in the United States, 8.9% of adult patients with hypertension have R-HT and 12.8% of patients taking antihypertensive drugs have R-HT [5] . Compared with the United States, the prevalence of R-HT was lower (6.5%) in Japanese patients according to this study. Since it is known that salt intake is substantially higher among Japanese people than western populations [6] , it is probable that diuretics are effective and reduce the prevalence of R-HT in Japan. Indeed, the lower PRA and PAC of our renal denervation group are characteristic of excessive salt intake [7] . The U-Na/U-cre ratio is a simple marker of salt intake used in clinical practice [8] , and this ratio tended to be higher in our renal denervation group. Thus, it is likely that many patients in the renal denervation group had excessive salt intake.
Although there was a significant difference of thyroid hormone levels between the renal denervation group and the non-denervation group, 1 patient (No. 24) with thyroid dysfunction in the renal denervation group seemed to influence this result since the significant difference disappeared when data were analyzed after excluding the data of this patient. There were no significant differences of catecholamines between the 2 groups. In the renal denervation group, eGFR was significantly lower than in the non-denervation group and chronic kidney disease was more frequent (50%: 13/26 patients) than in the non-denervation group with (34%: 332/973 patients).
The high frequency of albuminuria and hypoalbuminemia in the renal denervation group may have been secondary to chronic kidney disease. The renal denervation group had a significantly lower Hb than the nondenervation group and showed a tendency for anemia, which could be related to lower erythropoietin production due to chronic kidney disease or hemodilution due to impaired excretion water resulting from renal dysfunction.
In the renal denervation group, patients tended to have left ventricular hypertrophy based on the echocardiography findings and BNP was also high. Thus, there was evidence of progressive cardiac remodeling associated with hypertension in this group.
Patients in the renal denervation group also showed a high baPWV, indicating advanced arterial stiffness. Therefore, despite treatment with multiple antihypertensive drugs, R-HT patients who were candidates for renal denervation had evidence of multiple organ impairment, a finding consistent with previous reports.
Investigating Candidates for Renal Denervation
A clinical trial of renal denervation was started in Japan, but it was halted in December 2014 due to difficulty in recruiting patients. One of the reasons for this outcome is that the indications for renal denervation are extremely limited [9] . In investigations of renal denervation, it is necessary to set limits on blood pressure and renal function, as well as excluding patients with secondary hypertension and masked-hypertension [10] . Because patients who require 3 antihypertensive drugs tend to have nephrosclerosis and renal dysfunction, many of them are unsuitable for renal denervation.
In the Symplicity HTN-3 study, patients between the ages of 18 and 80 were indicated for renal denervation [11] . In our study, 7 out of 26 candidate patients were at least 81 years old and thus were excluded. Another 3 patients (Nos. 18, 19, and 25) had reached the age of 81 at the time of performing this analysis, so they were also excluded, resulting in 10 patients (38%) being excluded because of their age.
Next, patients with chronic kidney disease and an eGFR < 45 ml/min/1.73 m 2 were excluded based on the published indications [11] . In this study, 8 of the candidates for renal denervation (31%) had an eGFR < 45 ml/min/1.73 m 2 . Taken together, the criteria for age and renal function excluded 15 of our candidate patients (58%) from renal denervation, so these two factors seem to have a substantial influence on the number of patients who can actually undergo denervation.
The details of the remaining 11 patients are shown in Table 4 . Before performing renal sympathetic denervation, it is necessary to exclude secondary causes of hypertension, such as renovascular hypertension, endocrine diseases including primary aldosteronism, Cushing syndrome, pheochromocytoma, hyperthyroidism, sleep apnea syndrome, and drug-induced hypertension [12] .
In screening for primary aldosteronism, a PAC/PRA ratio >200 is usually employed [7] [13]. Two patients (Nos. 5 and 6) had a PAC/PRA ratio >200 and were suspected to have primary aldosteronism, so they were excluded from the renal denervation group for further assessment.
Another patient (No. 16) had a very high renin level that suggested renovascular hypertension and was also excluded (Figure 1) .
There were no patients with suspected pheochromocytoma and no patients with pseudoaldosteronism caused by excessive consumption of licorice.
Since BP can be increased by salt intake, it is important to try lifestyle modification including control of salt intake before performing renal denervation. We evaluated salt intake from the U-Na and U-cre levels [8] [14] , and identified 3 patients (Nos. 1, 12 and 13) who apparently had excessive salt intake. It was considered likely that salt restriction would improve the BP of these patients.
Finally, as shown in Figure 1 , 5 out of 999 consecutive patients with hypertension were indicated for renal denervation, representing 0.5% of the subjects in our study. Of course, it is not clear that all of these patients would give consent to renal denervation and we also did not determine whether their renal artery anatomy was suitable, which would require further examination by renal arteriography, computed tomography, and ultrasound.
Thus, our study found very few hypertensive patients in whom renal denervation was indicated. In a similar study of 1756 hypertensive patients, only 14 patients (0.8%) were indicated for renal denervation [15] , which is comparable to our rate of 0.5%. It has been reported that there are approximately 43 million hypertensive patients in Japan [16] . Since the prevalence of R-HT was 2.6% in our study, it can be estimated that there are approximately 1.12 million patients with R-HT in Japan, suggesting that renal denervation may be indicated in around 220,000 patients because the rate was 0.5% in the present study. Clinical trials of renal denervation in Japan would seem to have a problem with recruiting patients, but we first need to identify more patients with R-HT by screening and education. For example, establishing a large clinical cohort of hypertensive patients like Table 1 and Table 3 .
Among 999 patients with hypertension (HT), there were 26 patients with resistant hypertension (R-HT) who were candidates for renal denervation. In this group, 10 patients were too old (>81 years) and 8 had chronic kidney disease (CKD). Because these patients overlapped, only 15 were excluded due to old age and CKD. The remaining 11 patients included 2 with suspected primary aldosteronism (PA), 1 with renovascular HT, and 3 with high salt intake. Finally, only 5 patients remained as candidates for renal denervation. those at hypertension centers in Germany may help to identify R-HT patients by screening. Thus, we realized that not only for renal deneravation but for treatment of R-HT establishment of a large cohort including mild to severe hypertensive out patients was primary requirement. It has been reported that renal denervation is more effective in patients with a higher BP before the procedure [17] , suggesting that our patients No. 2 and No. 6 might be good candidates.
It was reported that Chinese are more sensitive than Caucasians to the effects of the beta-blocker propranolol on the pulse rate and BP [18] . Because Asians appear to be more sensitive to beta-blockers, renal denervation may be more effective for Asian patients with R-HT, and patients who have tachycardia like our No. 16 could be good candidates.
One cause of difficulty in controlling BP is poor adherence to medication, while good adherence can significantly improve control and reduce the risk of cardiovascular disease [19] - [21] . If a patient has to take multiple drugs, adherence is more likely to decrease, while reducing the frequency of medication or employing combination drugs can improve both adherence and BP [22] [23] . Thus, combining antihypertensive therapy and renal denervation may improve the prognosis of selected patients with hypertension.
Clinical Implications
After we started screening for renal denervation candidates at our hospital, we found more patients with secondary hypertension than before including cases of primary aldosteronism, renovascular hypertension, and pseudoaldosteronism due to licorice. This has led to an increase of adrenal venous sampling, renal arteriography, and arterioplasty at our hospital due to more comprehensive treatment of secondary hypertension. By results of this study, we realized the importance of diagnosis of secondary hypertension, intensive care by antihypertensive drugs and sodium restriction treatment.
Renal denervation will be recognized as a cost-effective intervention for hypertension if it improves life expectancy and other variables in outcome studies. In terms of surrogate endpoints, there is already evidence that renal denervation decreases arrhythmias such as atrial fibrillation, proteinuria, diabetes, sleep apnea syndrome, congestive heart failure, arteriosclerosis, and left ventricular remodeling [24] - [31] . More recently, it was reported that renal denervation improves depression and the quality of life [32] [33] , while targeting suitable patients may contribute to reduction of medical expenses.
Limitations
Since this was a retrospective cross-sectional observational study, the findings are not conclusive. In addition, we did not employ ambulatory BP monitoring and only assessed the office BP, so it would be desirable to evaluate home BP and nocturnal BP in further studies. We also did not distinguish masked R-HT and sleep apnea syndrome from R-HT. Furthermore, we did not analyze adherence to medication or the doses of antihypertensive drugs used by the patients. Finally, complete data were not available for some patients and multivariate analysis failed to identify factors with an independent influence on R-HT.
Conclusion
In this retrospective analysis, we found that there were very few patients with R-HT among consecutive new outpatients with hypertension, and that renal denervation was indicated for only 0.5% of new hypertensive patients. Patients in whom renal denervation was indicated often had cardiomegaly and arteriosclerosis, and salt sensitivity was sometimes suspected as the underlying cause. Because many of the patients who may benefit from renal denervation have not been identified, it seems important to establish a cohort study that facilitates assessment of patients with R-HT.
